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ROYAL AIRCRAFT ESIAjLlJ:S3a?T. FARigQROUGH 

Effects of Mach Number on maximum lift' 

*y 

F.N. Kirk, li.P.C, I.D.I!. 

iSlMMARY 

" 

1. Unswept Wings 

The data on the effect of Mach number on C^ m-xx  are scanty and 
their ad-hoc nature permits only two conclusions. 

(a) At a given Mach number, the C^ mfvx Of sections with far back 
position of the maximum thickness is higher than that of conventional 
sections, owing co the further back position of the upper surface shock 
wave. 

(b) At high Maoh numbers t':.in aerofoils have higher C^ max 
than thicker ones. 

Systematic research is needed and as the effect of Reynolds 
number on CT max appears to be email at high Maoh number the systematic 

tests oould be made say in the N.P.L. high speed tunnel. The most 
important parauuters on which evidence of their effects is required 
are thickness-chord ratio, position of maximum thickness and camber. 

No simple means of improving G^ max at high Maoh numbers can be 
suggested.  Distributed suction over a portion of the upper surface 
may improve C^ aax as long as the suction is applied just behind the 

shock wave.  The testing of such a device would be of value although 
its practical applications are limited to the range of Mach numbers 
where the shook wave is in the region where suction is applied. 

Griffith aerofoils seem likely to have relatively high CL max 
at high Mach numbers and an investigation of the high speed character- 
istics of a Griffith aerofoil would be well worthwhile. 

2* Svft-ptb.-i.ck wings 

No experimental evidenoe on the C^ ^nx of sweptbaok wings at high 
M is available.  3weptback wings at high speeds however, show the 
same early tip stalling tendencies as they do at low speeds.  Low 
speed wind tunnel tests with suction are to be made shortly and should 
give some indication of the praeticabilit/ of this scheme at high M. 
The effect of sweepbaok is to increase the sectional CL max over the 
inner portion of the wing and a suitable remedy for the tip stalling may 
be sufficient to give high CL max «• hi^h M for sweptback wings. 

1. 
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Introduction 

Recent project work on some high speed high altitude designs has 
shown that one of the mo?t important parameters deciding the size of 
an aircraft for a given manoeuvrability*" is the Cj, ,5^ that can be 
at .ained at th    high speeds considered.      A knowledge of the maximum 
lift and the stalling incidence is also necessary when considering the 
effects of up gu3ts.      For ooae win... sections C^ g,^ has teen found to 
be seriously affected by compressibility;    the available data have there- 
fore teen analyst! in ardor to assidt in the selection of wing sections 
with suitable characteristics. 

The wings of some of the  high speed designs now envisaged are 
sweptback and,  front a stalling point of view,  this is a complicating 
feature.       This note is the-refore divided into two main sections dealing 
with unswept and sweptback wings  separately. 

2      Unawupt wings 

2.1    Experimental  evidence 

Some flight measurements of the variation of 0* „_ with inach 
number are given in Figs.1 and 2 and all show large effects. 

Fig*3 contains all the known v/ind tunn I data on the N.A.C.A.0012-6.* 
section.      Most of the experimental points are from three dimensional 
tests (Refs* 1, 2, 3 and 4) on aerofoils of aspect ratio 6 with taper 
ratio between 1.0 and 0*5.      C^ max first drops rapidly from 1.5 at 
M = 0.2 to about 0.8 at to • 0.45.      This is followed by a further but 
more gentle drop to a value of 0.6? at ii = 0.8, where Cj, max increases 
again.       The lift carpet of this aerofoil  (Ref. l)  shows a peculiarity 
occurring fairly frequently in other similar high speed tests.      The 
lift curves in the region 0.7<   U  *• 0.8 exhibit subsidiary maxima some- 
what lo./er than the true maxima.      The reason for this is not clear as 
the corresponding pressure distributionu are not available but it is 
thought to be caused by the relative displacement of the  shock waves 
on both surfaces.       Several aircraft in X'light have been unable  to 
reach their actual C^ max either through loss of control power or 
through severe bui'feting.       Subsidiary maxima in the lift curves  similar 
to those found on the N.A.C.A.0012-63 lift curves may be a possible 
cause of buffeting in flight and a practical limitation on C^ max* 

Experimental points on the N.A.C.A.0012-6* section from inde^ iident 
sources are lacking above M = 0.V but a3 no large differences in C^ nMi 

would be expected hetween the two dimensional case and the tests with 
an aspect ratio of 6 the data from Ref. 5 and 6 have also been plotted 
in fig. 3.       These   late indicate that the effect of Reynolds number is 
small above M = 0.45;    below this value of    M    the aoxxea curve of 
Fig.3  3hows the probable variation of C^ max with   to    at constant 
Reynolds number. 

Figures 1,  2,  3 and 4 contain all  the known experimental data on 
the effect of Mach number on C^ Iflajc.      The ad hoc nature of the  tests 
makes it impossible to draw any general conclusions as to the effeot 
of the various parameters.       There is  however a marked difference 

* Manoeuvrability is here U3ed in its old sense i.e.  that of ability 
to do manoeuvres.      A measure of this is the maximum normal accelera- 
tion and therefore CL max that can be attained in level flight. 

3. 
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botmjon the shap- oi' the C^ vs Waoh number curves for conventional and 
la. drag aerofoils as illustrated in Fig.2.      At least up to M = 0»? 
low ding aerofoil a have higher CL m^ than conventional aerofoils of 
similar tbickness-c.iora ratio*      Also thin aerofoils show a smaller 
loss of CL max at high liach nur.J-i.rs than do thicker ones* 

* laee-u^ion 

2.21 LjJ j i. stalling i:rorerti<.fi of ungwt.pt winga 

A qualitative inaiijht into the stalling characteristics of a wing 
can be obtain' d by considering the growth of the boundary layer at 
hi{.;li incidences (Hef.7).      A typical potential flow pressure distribution 
at high incidence;; is  shown in Pi,:. 5a.      The distance between A and B 
on the aerofoil surface is v=ry snail and it also shows a favourable 
pressure gradient so that along this part of the aerofoil the boundary 
layer will normally be laminar.      Lownstream of the point of maximum 
Velocity the pressure gradient is unfavourable and depending on the 
Reynolds number >ind magnitude of the adverse pressure gradient,  one 
of two thinga may occur, namely: 

(a) Tb-  boundary layer will separate from the surface at B while 
remaining laminar.      This is what usually occurs at low Reynolds 
number and results in a gentle stall because the flow does not 
permanently leave the surface b:tt re-adheres as a turbulent layer 
further along.      The maximum lift is poor and the lift incidence 
curve is flat topped. 

(b) Transition -.'.'111 occur and because of its greater stability the 
turbulent layer vri.ll remain on the surface beyond B.      Eventually the 
turbulent layer will begir to separate at the trailing edge and depending 
on the shape of the- pressure* distribution the  separation will spread 
forward either gradually or abruptly giving a gentle or a sharp stall. 
In either case C,-^ j^^ will be considerably higher than if laminar separa- 
tion ooourred. 

The- effects of thickness chord ratio, oaofeer and leading edge 
radius of curvature can also be understood by examining their respective 
effects on the pressure distribution.      This has been done partially 
by Young in Hef.ii, and the main conclusions are: 

(a) Camber increases CL ^.^ 

(b) An iiicroase in thioknese above 9S* also increases C^ m£UC» 

(c) Bringing the position of the maximum camber forward is detrimental. 

(d) dmall lea.iing edge radius of curvature ( <   O.OO^c) usually gives a 
relatively law but gentle type   of stall provided that camber 
is small and the v/in^ thickness is not too large. 

(e) Leading edge ri-dius of curvature above 0.01c'usually ^iv-u higher 
maximum lift but the character of the- stall is likely to be sudden. 

2.22 Effects of compr<Js..ibility on C^ maX 
of> unswept wings 

At velocities below the appearance of shock waves the main effect 
of compressibility ij to increase the potential flow pressures in in- 
compressible flow by     1        and therefore to increase suction peaks and 
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pressure gradients in that rati*.      As there is no evidence to su£ 
that the boundary layer is more static in compressible than in in- 
compressible flow the boundary layer will, if the transition point 
remains unaltered,  separate under the same adverse pressure gradient 
and therefore at the- same lift coefficient.      No appreciable effect on 
CL max would therefore be exacted except a slight reduction in the 

dtv 
stalling  incidence due to the increase in   —• . 

d • 

At higher values of   M   a region of supersonic velocities occurs 
on the up£ ;:r surface bounded at fcha roar by a shock wave.      Ackeret 
(riuf.9) has shown that the shape of this shock wave is determined by 
conditions in the boundary layer ahead of it;    a forked shock -save 
foiming with laminar layers and a straight chock wave forming with 
turbulent layers.      He also shows that if the boundary layer is laminar 
ahead of the shock wave transition occurs between the oblique and the 
rear members of the  shock vave so that- the boundary layer behind a shock 
wave is always turbulent.      We can therefore expert the effect of 
Reynolds number to be greatly reduced after the appearance of shock 
waves and this is  supported by the experimental evidence on the K.A.G.A. 
0012 section (Fig. 3).      The evidence on the o'elkin and on the Spitfire 
of Fig.l is not conclusive.      On the ".Yelkin the lift curves exhibit 
a kink at low niach numbers and subsidiary m-xima at high   k    so that 
the wind tunnel curves of Fi>>l may correspond to subsidiary maxima 
similar to those found on the  K.A.C.A.0C12 section.      In the case of the 
Spitfire the true 0^ ^ax was not attained b-eoause of severe buffeting. 

Ackeret (Ref.9) also shows that the turbulent layer behind the 
shock wave is considerably tliickencd and therefore will tend to separate 
more easily.      This rosult3 in a drop in CL mroc as has been found in 
all cases (Fig.l, 2,  3 and k)» 

As   M   is further increased, the suction peaks are increased and 
the  shock wwe on the urper surface is displaced towards the trailing 
edge.      A number of pressure plotting measurements in the R.A.K.  and 
H.P.L.  high speed tunnels (Ref.10) have shown that except for small 
local peaVs there is a limiting value of the pressure ahead of the 
shock wave corresponding to about 0.3 of the total head of the un- 
disturbed strewn;    on tjxainple of thi3 is given in ?ig.?.      The pressure 
distribution? of Fig.6 indicate that,  except for the peaks,   the :aaxiiiium 

local   M   are of the order of 1.4 which corresponds to a   _£.   of 0.31* 
HO 

An exception to this occura at M = 0.68 on the N.A.C.A.23015 aerofoil 
and a posrdble explanation may be that the pressure distribution was 
taken" just beyond the stall instead of at the stall.      As the absolute 
pressure on the aerofoil is limited,   the upper surfaoe lift coefficient 
at a given :«ach number deeends mainly-on the position of the  shock wave. 
Thii, is illustrated in Figs. 5b and 6 where the CV m^r and the pressure 
distributions of a conventional and a low drag aerofoil are compared. 
The  early rearward shift of the  shock wave accounts for the higher 
CL max °*' ^& low toag aerofoil.      A further comparison Of C^ j^^ 
on conventional and lew drag aerofoils is given in Fig. 2. 

Eventually the 3hock wave- on the upper Burfacc reaches the trailing 
edge and if, as fig*6 indicates, the lift contribution of the lower 

surface- is small, a constant   -£- 
Ho 

°L max of the oniL'r of °»9 at K = 0.9» 

of O..1! on the upper surfaoe gives a 
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2.3  Possible methods of improving _'L j^^ 

There appear to be two main effects of compressibility on Cj, max* 

(a) The first is purely a viscous effect occurring at relatively 
low Wfich numbers due to the thickening of the boundary layer by the 
shock wave with consequent early separation.  The only possible 
remedy i"orthi3 is to apply suction at and immediately behind the shock 
wave.  In practice this would only be possible for a small range 
of positions of the shock wave and therefore for a suiall range of Mach 
numbers.  The best suction Mthod in this case would probably be 
distributed suction over a portion of the upper surface through a 
porous material (Ref.ll-12).  Although of limited practical applica- 
tion the testing of this device would be of use and as most of the 
experimental evidence available is on the i".A.C.A. 0012-63 section the 
suction could conveniently be tested on this aerofoil. 

(b) The second effect is a limitation of the value of the pressure 
ahead of the chock wave which occurs at fairly high Mach numbers. 

°L max is then mostly a function of the position of the  shock wave 

and the further back it is the higher CJJ n^ will be.      The position 
of the maximum velocity ut high CL should therefore be as far back as 
possible.      iieans of obtaining a :'ar back position of the maximum 
velocity arei     (a) to use a section hiving a far back position of the 
•Tvucimum thickness.      (b)  to use a thin cambered section.      Adoption 
of (a) normally leads to large trailing edge angles with consequent 
undesirable pitching moment characteristics at high speeds (Ref.l) 
so that the furthest back position of the maximum thickness which can 
be U3ed is probably only M);o of the chord from the leading edge. 

A possible way of obtaining a far back position of the maximum 
thickness without large trailing edge angles is to have a discontinuity 
in the pressure distribution near the trailing edge as is done on the 
Griffith aerofoil.      The high speed characteristics of Griffith aero- 
foil.:, are not known and should be investigated.      The use of camber 
introduces undesirable tail loads at high speeds and some sort of 
compromise would have to be made on the oasis of systematic tests. 

2.4     Conclusions 

1.        The experimental evidence available is scanty and its ad hoc 
nature makes it impossible to deduce the effect of the various para- 
meters influencing tht aerofoil shape.      The only conclusions possible 
by examination of the data are:- 

(a) At a giv<_n iiiach nui;iter. the C^ m^ of sections with far 
back position of the ..laxiuuia thickness is higher than that 
of conventional sections owing to the further back position 
of the upper surface shock wave. 

(b) At high Mach numbers thin aerofoils have higher C-^ max 
than thicker ones. 

2*        Systematic research on the influence of profile shape is needed 
and as the effect of Reynolds number appears • small at high l^ach number 
the systematic tests could conveniently be made in the N.P.L.  high 
speed tunnel.      The most important paraiueters on which evidence is 
required are thickness-chord ratio, position of iu«»jcimum thickness 
and camber. 
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3*        Llstributed suction over the forward part of the v.ing upper 
Burfaco may improve CL max over a stall range of iiach numbers by removing 
the thickened boundary layer inmediately behind the shock wave. 
Although o;   limited practical application the  testing of this device 
would be of us- and as moat of the available experimental evidence is 
On the K.A.CA.0012-63 section the test? could conveniently be made on 
this aerofoil. 

4*        In viav/ of tht. far back, position of the maximum velocity at high 
CL obtained on Griffith aerofoils the high speed characteristics of 
these sections should be investigated. 

3      Swept*:nek wings 

3.1      Experimental evidence 

No measurements of C^ max on swepthack wings at high liach number 
are known.      Two cases are !cn0.vn haawv*wn liftS near the CL m£UC 
mm measured:    in Ref. 21 a CL of C.6 v/aa measured at M = 0.84 on a 
H4i tlick symmetrical wing section ( maximum t/c at 0.4c) with 45° 
of sweepbaok and in Ref. 22 ft CL Of O.64 v.-as reached at M = 0.84 on a 
12« symmetrical wing section (maximum t/o at 0.3c) with 45° of sweepbaok. 
In both oases the actual CL max was rv3^ reached but both lift curves 
shewed some curvature. 

3.2     Discus.-ion 

3.21 Low speed stalling properties of sweptbaok wings 

All the remarks made in para, 2.21 concerning the variation of 
the type of stall with Reynolds number apply also to the swept wing. 

Theoretical calculations and tunnel measurements (Ref.23-24) have 
sliOwn that, at a fixed incidence, sweepbaok results in a net loss of 
total lift with the greatest loss taking place at the centre of the 
span.  At moderately large angles of sweepback this results in a span- 
vd.su distribution oi" local Cj/s showing a maximum usually in the wing 
tip region.  Furthermore McKinnon Wood (Ref.25) and Griffith (Ref.26) 
have shown that sweepback has two main effects on the boundary layer, 
namely: 

(a) A decrease in the effective pressure gradient due to the inclination 
of the flow to the isobars. 

(b) A side travel of the boundary layer caused by the pressure gradient 
normal to the flow.  On the inner part of the wing this side 
travel is outwards, near the tip the side travel is inwards thus 
causing a local thickening of the boundary layer. 

The first effect is favourable- from the point of view of the 
boundary lrtyer stability} the seoend ia unfavourable.  The worst possible 
oaae therefore occurs when the isobars are normal to the main stream 
because then the adverse effect only is present and the boundary layer 
is thickened by inward flow from both sides.  Such a condition usually 
occurs in the wing tip region.  This, together with the increased 
local "L at the tips, is thought to account for the premature stalling 
of 3wepteack v/ings. 

Fig.8 gives the results of a pressure plotting investigation on 
a sweptback -.dng in the R.A.E. 24 ft. tunnel at a Reynolds number of 
1»55 * 10" (Ref. 24).  The wing plan fon.i ani sections ar~ shown in 
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the same figure.      These results are not fully corrected and Pig.R 
should only be taken qualitatively.      Below the tip stalling incidence 
the spanwise distribution of local lift coefficient shows a nwximum 
at about 0*7 of this semi-span from the centre line.      After the tip 
•tall the load is redistributed and the maximum occurs, at 0*4- of the 
semi-span from the- centre line - (Fig.9).      CL max f°r the tip sections 
is low and the lift curve is flat toppel whilst the local 0^ max at 
the centre sections is  higher than would be measured in a two- 
dimensional  test.      This is in agreement with the earlier remarks on 
the effect of sweepback on the boundary layer because at the centre 
sections only the stabilising effect due to the reduction in the effective 
pressure gradient is present.      The C^ ^ of a sweptback wing is there- 
fore a complicated function of the- characteristics of the root and tip 
sections modified by the plan form and Keynoldu number.      A typical 
variation of the spanwise lift distribution with incidence on a 
sweptback wing is illustrated in Fig.9*      Some curves of C^ max 
against angle of sweepback(Ref. 21, 27, 28 and 29) are shown in Fig.10. 

3.22    High speed stalling on 3.veptbaok wings 

The general remarks of para. 2.22 on the steepening of the pressure 
gradients by compressibility apply also in this case.      Because of 
symmetry the relieving effects of sweepback are least at the centre 
Motion and, as lias been observed in some German tests, a shook wave 
starts at the oentre section and spreads outwards. 

Figs.ll and 12 show pitching moment measurements made in the 
R.A.E.  high speed tunnel on a symmetrical 14$ thick wing section 
(max.  t/o at 0.3c) aspect ratio of 5.8 and taper ratio of 0.57 at 
various angles of sweepback (Ref. 21).      The wing was tested .with a 
fuselage.      The low speed pitching moment curves at 33° and 45° 
sweepback indicate a tip stall in the neighbourhood of Cjv = 0.60 and 
0*50 respectively.      At il = 0.82 the tip stall occurs at CL a 0.45 
(Old 0*5 respectively, indicating that part at least of the problem 
of the loss of stability at high   M   is the low speed problem of early 
tip stalling. 

The fact that the final stall on a sweptback wing is preoeded by 
a tip stall is of special importance in the case of tailless designs* 
Recent high speed tunnel tests on the DH.108 (Ref.30) indicate that 
although CL max is probably in excess of 0.6 at M = 0.84 the mnrliram 
Or  that can be trimmed is only of the order of 0.45 owing to the loss 
or elevon power due to tip stalling. 

3*3  Conclusions 

Although no measurements of Of, y. on sweptback wings at high 
Maoh number are known, the final stall of the wing is preoeded by the 
stalling of the tip sections which limits the trimmed C^ ^g^ Of the 
wing particularly on tailless designs.  This is the same problem 
already experienced at low speeds and a suitable solution should first 
be found there.  Suction at the critical points for the boundary 
layer separation appears to be the most promising remedy and various 
arrangements of slots are to be tested at low speeds (Ref. 3l).  These 
tests should give an indication of the quantities of air required and 
of the practicability of the scheme.  Owing to the favourable effect 
Of sweepback ov<-r th<- inner purt of the wing the local C^ ^^ at high 
If is likely to be high at the inboard sections so that attention need 
only be paid to the tip sections.  Still higher values of C^ max oould 
possibly be obtained by using suction in the critical region in con- 
Junction with any of the previously mentioned methods to improve C^ BWI 
of unswept wings. 

8. 
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APPENDIX 

Aerofoil Notation 

N.A.C.A. notation for Conventional Sections 

1* Ref. N.A.C.A. Technical Report No.^0. 

x, y, z — a,b. 

x Maximum camber (5) 
y Position of maximum camber (1/10 tha) 
z Haxiaum thickness (#) (2 Fi<:s.) 
a Leading edge radius index 
fc Rssition of maximum thickness (tylO ths) 

•jLsaai 

Values of a, 0   Sharp leading edge 
3   V*- normal 

6   Normal £ = i.i 
Vo^tax 

9   3 times nonnal. 

At     21,09 —    3k     2* camber at W# chord, 9# thick, 

at kOjt chord.    V4 normal leading edge radius. 

2.    Ref. N.A.C.A. Technical Report No. 537. 

x, y, z. 

x   —xiaurn camber (£) 
y   position of maximum camber x 2   (jj) (2 Figs.) 
£   maximum thickness (jg) (2 Figs.) 

I     23012 2£ camber at 15fr chord, 12# thick.     Those seotions 
all have their maximum thiokness at JiOji ohoxd. 

B.    N.A.O.A. Notation for Low Drag Sections 

Ref. A.R.C.5427,    R.A.E. Technical Note No.Aero. 1019 

x,y - - z - - a,fc. 

z denotes family to which suction belongs 
y position of pressure minimum (1/10 ths) 
z amplitude of optimum w range, measured from design Qi, ( A0 ths) 
a design CL (V^O ths) 
b maximum thickness ($>) (2 Figs.) 

ei  66 - 216  6 family, peak suction at 60)J chord. 

lift range (optimum) = 0.2  Design C. 0.2 - l6jt thick 
In the original notation z was omitted. 

1* 
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0.   British natation tor ham Iran Seotions 

J* x.r. / a, b 

x BMdBUB thickness ($5) (2 Figs*) 
y position of max* thickness     " 
a —ad— camber (1/1000 ths)    • 
b position of maximum camh«r     " 

£i     1240/0640     12$ thick at 40$ chord, 0.6$ camber at 40$ ohord. 
These numbers may be preceded by combinations of the letters 
B» C, Q, H.    E = elliptic referring to nose shape as far as 

position of maximum thickness 

0 * cubic ) 
Q • quartic      ) referring, to tail shape 
H B hyperbolic) 

8*      Bef. R.A.E. Technical Note No.1306 

Tor sections .designed according to the approximate aerofoil 
theory with velocity distribution of the "roof-top" type* 
The section is defined as! 

2Uj,}    a, b, o;    210^1    a1 b1 oll Cj, 

2L means that the velocity distribution designed for consists 
of 2 straight lines 

aV       excess of velocity at the nose 

bV0     maximum velocity at the point X, •   • 

oVQ     excess velocity at the trailing edge 

2L     means that the distribution of the pressure difference 
between upper and lover surface divided by ipV0   consists 
of 2 straight lines* 

»1     pressure difference     ftt the leading ^ 

b       mwTlmum pressure difference   at ppjjt Xi1 

*PV0
2 

o1     wessure difference     at th0 trailing edge 

4PV0
2 

OV  value of the low speed lift ooeffioient at ehioh the 
specified loading is obtained* 

13. 
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Wag Motions of American aircraft an whioh the 
Measurements of Cj, n^ given in Fig.2 have boon 

Aircraft Boot Section Up Seotion 

CONVENTIONAL SECTIONS 

H.A.C.A.U12 
N. A. C. A. 23009 

N. A. C. A. 2 3009 

P-38F (Lightning) 
F6P-3 (Hellcat) 

B-39N (Airacobra) 

N.A.C.A»230l6 
N.A.C.A. 23015.6 

(modified) 
N.A.C.A*0015 

LOW DRAG SECTIONS 

N.A.C.A. North 
American 

Compromise 16$ thick 

N.A.C.A.  North American 

Compromise llff thick 

F-51B (Mustang) 

P-63A (King Cobra) N.A.C.A.66, 2X-116 
a a 0.6 

N.A.C.A.66, 2X-216 
a = 0.6 

XB-80A (Snooting 
Star     ) 

N.A.C.A.65 - 213 N.A.C.A.65 - 213 

tt. 
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FIG. 2 
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FIG.2 
VARIATION   OE   CL  MAX. WITH  MACH   NUMBER 

AMERICAN  FLIGHT TESTS (REF. 16) 

(WING SECTIONS  IN TASUE I) 
(NOTATION   APPENMX   l) 
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FIG. 4. 
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FIG5AC5B. 

: 

FIG. 5 A.    POTENTIAL   FLOW   PRESSURE   DISTRIBUTION 

AT HIGH  INCIDENCE ON A CONVENTIONAL AEROFOIL 

to 

10 

SYMMETRICAL   NACA   0012 

CONVENTIONAL   NACA 23015 
. LOW DRAG AEROFOIL, 

S        (NACA C6-22I5) 
_21 

M 

OZ 0-4 06 08 10 

FIG.5B. TYPICAL  VARIATION   OF   CL MAX WITH 
MACH    NO 
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FIG6. 

NACA   2S0»» NACA 66-2-2lS 
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O      20    40     60    BO     100    O      SO    40     GO    BO     tOO 
m.~>  , PERCENT  CHORD FIG.6 

PRESSURE DISTRIBUTION AT MAX.LIFT ON    A 
CONVENTIONAL AND A LOW   DRAG AEROFOIL 

(FROM REF.IGJ 
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FIG.7 

FIG.7 
PRESSURE DISTRIBUTION ON UPPER & LOWER SURFACES 

AT SEVERAL MACH   NUMBERS 

AEROFOIL MACA. O OO 12-0 55 50/0-5  * - 6 
(REPHObUCEb   FROM    REF. I   \ 
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FIG.8 

© 0-93&S 

FIG8.   SPANWISE   LOCAL LIFT   CURVES   ON   A 
36!    SWEEPBACK    WING.     (REF. 24) 
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